Abstract
Introduction
Molybdenum and its compounds are used in a wide range of different fields of industry. Molybdenum sulfide occupies a good and important position among the molybdenum compounds. MoS 2 has a good crystalline structure and other physical properties such as high greasy character in high temperature and oxidation environment, stability, semi-conductivity (E g =1.7 eV) and diamagnetic properties, these features make it a significantly candidate in many industrial applications and scientific research works, such as "oily substances" and effective photoelectrodes [1] . MoS 2 in its crystalline structure is observed "in sliding" shapes [2] , this makes it suitable for the using as a good lubricant material. Also, MoSe 2 has been found to be highly stable against photo-corrosion due to the d-d transitions and has a band gap of about 1.4 eV. Thus, it possesses a high potential towards photoelectric applications [3] . The MoS 2 can be synthesized by various methods depending on the application area. Therefore, to get MoS 2 thin layer it is preferred to use the electrochemical method [1] . In this method by using inexpensive equipments one can get thin layers with bigger surface area and the easiness to manage the synthesizing process. The synthesis of MoS 2 thin layers as photoelectrode material using the electrochemical method in different solutions were investigated [4] [5] . It should be noted that, the kinetics and mechanism of this process, the structure of the film, optical properties were not thoroughly investigated. For investigation the process of electrochemical synthesis of MoS 2 thin film from aqueous solutions, at first it should be clarified kinetics and mechanism of the deposition process of the combination of the two components (Mo and S) from aqueous solutions on the cathode. The kinetics of the mechanism of the electrodeposition process of sulphid from sulphite and thiosulphate were thoroughly investigated [6] [7] [8] .
The electroreduction process of molybdenum ions to molybdenum on the cathode from different solutions were investigated by a number of researchers and the obtained results are different depending on the composition of the solution and the terms of the electrolysis process [9] [10] [11] [12] . There is no sufficient information in the previous works about the kinetics and the mechanism of the electroreduction and the electrodeposition processes of the molybdate ions to molybdenum metal. In this regard, in this article the kinetics and the mechanism of the electrochemical reduction process of sodium molybdate from aqueous solution has been studied and investigated.
Experimental
All of the electrochemical experiments were carried out in a three electrodes electrochemical cell. This electrochemical cell allows the adding sample from the electrolyte, adjusting the desired temperature of the electrolyte and passing a variety of gases through the electrolyte. For adjusting the temperature in the cell and for mixing the solutions, the UTU-4 universal "ultra thermostat" and ALPHA magnetic mixer were used. Silver/silver chloride (Ag/AgCl/KCl) and platinum plaques were used as reference and auxiliary electrodes, respectively. Before starting the experiment, the working electrode should be washed in a solution containing 1:1 H 2 SO 4 and H 2 O 2 , then with the deionized water.
Cathodic polarization curves were recorded with "Iviumstat Electrochemical Interface" potentiostat equipped with a computer. Pure and grade chemicals for analysis were used, as brand sodium molybdate. The deionized water was used for preparing the solutions and electrolytes without further purification.
Results and discussion
The kinetics and the mechanism of the electroreduction of molybdate ions were studied and traced using the cathodic polarization method. The obtained data in Figure 2 shows the dependence of the peak current density, i p , on the square root of the speed potential change. This dependence allows assigning the effective nature of the rate determining step in the electro-precipitation process of the metal. As seems from Figure 2 this dependence is linear and confirms that, the cathodic process is diffusion in nature at the peak of current density. For more information about the nature of cathodic polarization process, we need to investigate the reaction dependence on the temperature. Thus, the dependence of the speed of electroreduction of molybdate ions on temperature has been performed. For detecting the nature of cathodic polarization process, the areas around the electroreduction peaks in polarization curves at each temperature should be taken into account [13] .
Investigation of the dependence of the electroreduction process of molybdate ions at the cathode on temperature illustrates that, the reduction process occurs rapidly while temperature increases. As shown from Figure 3 , by increasing the temperature from 295 to 343 K at the potential of −0.2 V, the cathodic peak current (eletcroreduction process) increases 2.48 times and increases about 1.37 times at −0.62 V potential in the cathodic process. The activation energy of the cathodic process was calculated based on the results given in Figure 3 . For this purpose the equation logi k = const -A ef / 2.303 RT is used [14] . Where, i k is the current density, A ef -the effective activation energy, R -gas constant and T -temperature in Kelvin. The activation energy was calculated from the coordination between logi k and 1/T, then from the slope angle of straight lines A ef can be determined.
As shown from Fig. 4 , the dependence of the rate of the cathodic process at different potentials on the inverse of temperature is linear in character. This also confirms the diffusion control of the electroreduction process. The values of the activation energy calculated from Figure 4 relatively decrease when cathodic potential increases, where at −0.2V, the A ef = 37.28 kcal and at −0.7 V A ef = 36.99 kcal at T = 295 K but at T = 343 K, the activation energy decreased from 44.86 to 40.36 kcal. From these results, it can be concluded that the rate determining step of the cathodic process is mainly under diffusion control in character.
The mechanism of the electroreduction route of molybdate can be deduced from the previous data as follows: + 2e -= Mo  after the second peak accompanying with hydrogen evolution.
Conclusions
After the tracing of the electroreduction process of molybdate ions in aqueous media at different conditions, the kinetics and the mechanism of the electroreduction were detected using cathodic polarization. It is concluded that, the speed of electroreduction process of molybdate ions at the discussed conditions is affected the speed of the change of the cathodic potential sweep as well as the temperature of electrodeposition bath. Moreover, the mechanism of the route of the electroreduction process of molybdate is detected and proposed. From the stationary potential (E st = 0.25 V) to −0.7 V the reduction of molybdate ions occurs at two steps and after −0.7 V the electroreduction process of molybdate is accompanying with evolution of hydrogen.
